Methylene blue (aniline violet, tetra-methylthionine chloride) has several important uses in clinical medicine, including diagnosis of displaced central lines. After cardiac surgery, three infants with suspected displacement of direct atrial lines were given methylene blue. After injection of the dye into the atrial lines, bluish discolouration was identified in their chest drainage. Use of methylene blue in small amounts appears to be a safe and effective way of diagnosing extravasation of fluid from displaced central lines.
since it was first synthesized in 1867, methylene blue has been used for diagnostic purposes 1 . These include intraoperative localization of parathyroid glands 2 , diagnosis of tracheoesophageal fistula 3 and the detection of aspiration of enteral feeds 4 .
Therapeutically, methylene blue converts methaemoglobin to hemoglobin. It has also been used to treat hypotension in septic shock 5 and myocardial depression following cardiopulmonary bypass 6 . The mechanism for this effect is increasing vascular tone and myocardial performance via inhibition of nitric oxide mediated vasodilation and myocardial depression.
In this article we report the use of methylene blue as a simple bedside confirmatory test for diagnosis of displaced direct atrial lines in two infants following cardiac surgery.
CAsE hIsTORIEs Case 1
A 38-week gestation baby with a diagnosis of hypoplastic left heart syndrome underwent a modified Norwood stage 1 operation with a right ventricle to pulmonary artery conduit on day 2 of life. The initial post-operative course was complicated by cardiac arrest, which required extra-corporeal membrane oxygenation until day 5 of life. On day 14 chest exploration was required because of wound infection. The postoperative period was further complicated with the development of chylothorax and supraventricular arrhythmias. The latter was in part considered to be due to hypokalaemia which remained refractory to large amounts of potassium chloride administered via the proximal port of double-lumen atrial line placed directly at surgery. Therapy with amiodarone, also administered by the atrial line, was likewise unsuccessful and DC shock was required to restore sinus rhythm.
Continued drainage of clear watery fluid from a mediastinal drain raised suspicion of displacement of the atrial line. Methylene blue 1% diluted with normal saline was administered through the proximal port of the atrial line and was subsequently observed as blue discoloration of the mediastinal drainage. It therefore appeared that the infusions of amiodarone and potassium chloride had not reached the circulation, thus explaining the refractoriness of recurrent supraventricular arrhythmias.
At operation, displacement of the direct atrial line was confirmed and a double-lumen hickman catheter was inserted. The patient then made an uneventful recovery.
Case 2
A 38-week neonate with hypoplastic left heart syndrome underwent Norwood stage 1 operation with a right modified Blalock-Taussig shunt on day 3 of life. The post-operative course was complicated. Pericardial tamponade secondary to thrombosis in the mediastinum required chest exploration immediately after surgery. Necrotizing enterocolitis occurred on day 14. Laparotomy with bowel resection and parenteral nutrition were required. A thrombus was detected by echocardiography at the junction of the superior vena cava and right atrium and hence anticoagulation was initiated. A left-sided chylothorax was evident on day 22 for which thoracic duct ligation was performed. At this time, a directly placed atrial Broviac line was inserted for long term parenteral nutrition.
Two days later, the appearance of excessive chest drainage fluid resembling intralipid suggested displacement of the atrial line. This was confirmed by injection of 1% methylene blue into the atrial line and its subsequent appearance as blue discoloration of the chest drainage. The line was removed and replaced.
Case 3
A 3-month old infant underwent left Blalock-Taussig and right Glenn shunting following earlier surgical repair of tricuspid atresia. Due to lack of central venous access, a direct right atrial catheter was inserted at surgery for monitoring and to give parenteral nutrition of intralipid and glucose-amino acid solution. Three days later, fluid in the right pleural cavity drained from an intercostal catheter at 10-20 ml/hour with a triglyceride level of 0.9 mmol/l plus a total white cell count of 1.63X10 9 /l of which 96% were lymphocytes thus satisfying the diagnostic criteria for chylothorax 7 . On the next day, clear fluid appeared from a mediastinal surgical drain initially at 20 ml/hour increasing to 300 ml/hour. Displacement of the right atrial catheter was confirmed by appearance of bluish discolouration of surgical drain losses after administration of several drops of 1% methylene blue in 0.9% saline into the line. Upon cessation of the parenteral nutrition and removal of the atrial line, 'chylothorax' abated and without reoccurrence on resumption of breast milk feeding. In retrospect the erroneous diagnosis of chylothorax was a consequence of extravasation of intralipid into the pleural space.
DIsCUssION
These cases demonstrate the usefulness of methylene blue in diagnosing displacement of central lines. Atrial lines are safe 8 , but displacement can interrupt drug therapy and parenteral nutrition and cause misdiagnosis of chylothorax. Blood loss and tamponade are also possible. Inability to withdraw blood or failure of pressure monitoring is highly suggestive of displacement but are inconclusive tests since displacement into the pericardium or lodgement against the atrial wall would be falsely negative and positive respectively, whereas a dye test is conclusive.
Although there is no correct dosage for the amount of methylene blue to be used for this purpose, we suggest mixing a few drops (1% methlyene blue) with 10 mls of 0.9% saline.
Methylene blue is not innocuous and it should be used with caution. It may induce haemolytic anemia, hyperbilirubinaemia and phototoxicity. These complications were noted when the dose was between 2 and 4 mg/kg or more 9 . Although methylene blue is the standard treatment for oxidant-induced methaemoglobinaemia, it may itself act as an oxidant when administered in excess causing both haemolysis and methaemoglobinaemia. Patients with G6PD deficiency cannot benefit from methylene blue 10 and premature infants are at risk of toxicity because of reduced levels of NADh-dependent methaemoglobin reductase 11, 12 . None of the patients in this report suffered complications associated with methylene blue.
In conclusion, using small amounts of methylene blue appears to be a safe and effective way of diagnosing displaced central lines.
